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7KH DLP RI SUHVHQW UHVHDUFK ZDV WR ILQG DQ HIIHFWLYH PHWKRG WR PDQXIDFWXUH VDQG EODVWHG DQG DFLG HWFKHG 6/$ 7L$O9
VXUIDFHV IRU GHQWDO LPSODQWV ZLWK DQ DYHUDJH VXUIDFH URXJKQHVV 5D RI  PP DQG D SURSHU VXUIDFH WRSRJUDSK\ DV WKH
PRUSKRORJ\RIGHQWDOLPSODQWVXUIDFHLVRIH[WUHPHLPSRUWDQFHLQWKHSURFHVVRILPSODQWRVVHRLQWHJUDWLRQ 6HYHUDO GLVFVDPSOHV
ZHUHVXEMHFWHGWR VDQGEODVWLQJZLWK PP6L2 ODUJHJULWVIROORZHGE\GLIIHUHQWSURFHGXUHVRIDFLGHWFKLQJXVLQJVXOIXULF
DFLGDQG K\GURFKORULF DFLGVLQJOHDFLGEDWKVGXDODFLGEDWKDWURRPWHPSHUDWXUHDQGHOHYDWHGWHPSHUDWXUH&RUURVLRQUDWH
DQGFRUURVLRQSHQHWUDWLRQUDWHZHUHFDOFXODWHGIURPZHLJKWORVV7KH5D URXJKQHVVRIVDPSOHVZDVPHDVXUHGLQHDFKVWDJHRIWKH
SURFHVV6FDQQLQJHOHFWURQPLFURVFRS\ZDVSHUIRUPHGLQRUGHUWRFKDUDFWHUL]HWKHWRSRJUDSK\RIWKHVXUIDFHV :HIRXQGWKDWD
SURSHU 6/$ VXUIDFHZLWK D URXJKQHVV5D RI  PP DQG D WRSRJUDSK\ZLWKPLFURSLWV OHVV WKDQ PP FDQ EH REWDLQ E\ VDQG
EODVWLQJ WKHPDFKLQHG VXUIDFHZLWK ODUJHJULWV DQG WKHQ DFLG HWFKLQJ LW XVLQJ DPL[WXUHRI +62+&O  DW & IRU 
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7LJUDGH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ELRFRPSDWLELOLW\ RI WLWDQLXP DQG WLWDQLXP DOOR\V LV D UHVXOW RI WKH RXWVWDQGLQJ FKHPLFDO VWDELOLW\ DQG FRUURVLRQ
UHVLVWDQFHRIWKLVGHQVHDQG SURWHFWLYHR[LGHILOP >@
'HQWDOLPSODQWVUHSODFHWKHQDWXUDOURRWRIWKHWRRWKWKH\DUHSODFHGLQWRWKHERQHDQGSURYLGHWKHVXSSRUWIRUWKH
LQVWDOODWLRQRI GHQWDO SURVWKHVLV7KHUH DUHQRZPRUH WKDQ \HDUV VLQFH WKH ILUVW JHQHUDWLRQRIPDFKLQHGGHQWDO
LPSODQWVZDVXVHGZLWKJRRGFOLQLFDOUHVXOWV7KHFRQFHSWRIRVVHRLQWHJUDWLRQZDVLQWURGXFHGE\%UnQHPDUNLQ WKH
PLGV 2VVHRLQWHJUDWLRQ LV GHILQHG DV GLUHFW FRQWDFW EHWZHHQ OLYLQJ ERQH DQG WKH VXUIDFH RI ORDGFDUU\LQJ
LPSODQW 7KH ERQH JURZV ULJKW XS WR WKH LPSODQW VXUIDFH ZLWKRXW LQWHUSRVHG VRIW WLVVXH OD\HU 1R VFDU WLVVXH
OLJDPHQWV RU FDUWLODJH DUH SUHVHQW EHWZHHQ WKH ERQH DQG LPSODQW VXUIDFH ,Q FOLQLFDO WHUPV RVVHRLQWHJUDWLRQ LV D
ELRPHFKDQLFDO SKHQRPHQRQ ZKHUHE\ FOLQLFDOO\ DV\PSWRPDWLF ULJLG IL[DWLRQ RI WKH LPSODQW LV DFKLHYHG DQG
PDLQWDLQHGLQERQHGXULQJWKHIXQFWLRQDOORDGLQJ >@
7LWDQLXPDQGWLWDQLXPDOOR\VFDQQRWGLUHFWO\ERQGZLWKOLYLQJ ERQH WKHUHIRUHWKHPRGLILFDWLRQRILPSODQWVXUIDFH
LV D PHWKRG WR HQKDQFH RVVHRLQWHJUDWLRQ 7KH ILUVW GHQWDO LPSODQW ZDV SURGXFHG E\ WXUQLQJ DQG LWV VXUIDFH ZDV
VPRRWKH[KLELWLQJDVPRRWKRUPLQLPDOO\URXJKWRSRJUDSK\DWPLFURQOHYHO6LQFHWKHQPDQ\LPSURYHPHQWVKDYH
EHHQGRQHLQRUGHUWRHQKDQFHDQGDFFHOHUDWHWKHERQHDQFKRUDJHWRWKHLPSODQWDVWKHORQJWHUPVXFFHVVRI GHQWDO
LPSODQWVHVVHQWLDOO\GHSHQGVRQUDSLGKHDOLQJZLWKJRRG LQWHJUDWLRQ LQWR WKH MDZERQH >@7KH LQWHUIDFLDO
]RQHEHWZHHQLPSODQWDQGWKHERQHLVFRPSRVHRIDWKLQOD\HU PPZKLFKFRQVLVWVRIPHWDOOLFR[LGHVSURWHLQV
DQGFRQQHFWLYHWLVVXH >@7KLVERQHLPSODQWLQWHUIDFHFDQEHFRQWUROOHGE\WKHPRGLILFDWLRQRIWKHPDWHULDOIURP
ZKLFKGHQWDOLPSODQWLVPDGHE\PRUSKRORJLFDOSK\VLRFKHPLFDODQGELRFKHPLFDOPHWKRGV0RUSKRORJLFDOPHWKRG
UHIHUVWRWKHDOWHUDWLRQRIVXUIDFHWRSRJUDSK\ DQGURXJKQHVVDQGSK\VLRFKHPLFDOPHWKRGLQYROYHVFKDQJHVLQVXUIDFH
FRPSRVLWLRQ DQG HQHUJ\ 7KHVHPRGLILFDWLRQV LQIOXHQFH FHOO SUROLIHUDWLRQ DQG GLIIHUHQWLDWLRQ H[WUDFHOOXODUPDWUL[
V\QWKHVLVORFDOSURGXFWLRQIDFWRUVDQGHYHQFHOOVKDSH>@
%DVHG RQFXUUHQWNQRZOHGJHVPRRWKLPSODQWVDUHWKRVHZLWKDQDYHUDJHURXJKQHVV 6D OHVVWKDQ PPPLQLPDOO\
URXJKLPSODQWVKDYHD6D RI PPPRGHUDWHO\URXJKLPSODQWVKDYHD6D RI PPDQGURXJKLPSODQWVKDYHD
6D DERYH PP>@7KHUH LVDJHQHUDOO\FRQVHQVXV WKDWE\ URXJKHQLQJ WKH LPSODQW VXUIDFHDERYH WKH OHYHORI
PDFKLQHGLPSODQWVWKHERQHUHVSRQVHLVHQKDQFHG>@
6DQG EODVWHG DQG VDQG EODVWHG DQG DFLG HWFKHG 6/$ LPSODQWV KDYH DPRGHUDWHO\ URXJK WRSRJUDSK\ ZLWK DQ
DYHUDJH URXJKQHVV 6D LQ  PP UDQJH 6HYHUDO DXWKRUV VKRZHG WKDW WKH EODVWHG VXUIDFHV GHPRQVWUDWHG VWURQJHU
ERQHUHVSRQVHWKDQWXUQHGLPSODQWV>@%ODVWHGDQGDFLGHWFKHGLPSODQWVGHPRQVWUDWHGKLJKHVW
DPRXQWRIERQHWRLPSODQW%,&FRQWDFWDOWKRXJKWKLVVXUIDFHV DUHQRWWKHURXJKHVW>@
6DQG EODVWHG LPSODQWV DUH DFKLHYHG E\ EODVWLQJ WKH VXUIDFHV E\ VPDOO SDUWLFOHV 7L2 6L2 $O2 HWF 7KH
UHVXOWLQJVXUIDFHWRSRJUDSK\LVXVXDOO\DQLVRWURSLFFRQVLVWLQJRIFUDWHUVDQGULGJHVDQGVRPHSDUWLFOHVHPEHGGHGLQ
WKH VXUIDFH 6DQG EODVWHG DQG DFLG HWFKHG LPSODQWV DUH XVXDOO\ ERWK EODVWHG DQG WKHQ HWFKHG E\ DFLGV 7KH DFLGV
FRPPRQO\XVHGDUHK\GURFKORULFDFLGVXOIXULFDFLGK\GURIOXRULFDFLGDQGQLWULFDFLG$FLGDWWDFNRIWKHVXUIDFHRI
GHQWDOLPSODQWV UHVXOWVLQXQLIRUPURXJKQHVVZLWKSLWVDQGFUDWHUVRIPLFURPHWULFVL]HWKLVOHDGLQJWRDQLQFUHDVHLQ
VXUIDFH DUHD ,Q WKLV SRUHV RVWHREODVWV DQG VXSSRUWLYH FRQQHFWLYH WLVVXH FDQPLJUDWH UHVXOWLQJ DQ HQKDQFHPHQW LQ
ELRDGKHVLRQ > @ (DFK PDQXIDFWXUHU KDV LWV RZQ PHWKRG RI DFLG HWFKLQJ E\ FRQWUROOLQJ WKH WHPSHUDWXUH
FRQFHQWUDWLRQRIDFLGVDQGH[SRVXUHWLPH6/$LPSODQWVDUHWRGD\WKHPRVWXVHGLQFOLQLFDOSUDFWLFH
7KHDLPRISUHVHQWUHVHDUFKZDVWRILQGDSURSHUSUHSDUDWLRQWHFKQLTXHIRUWKHVXUIDFH RI6/$GHQWDOLPSODQWVLQ
WKHDEVHQFHRIGHWDLOHGVSHFLILFDWLRQRIPDQXIDFWXULQJSURFHVVRIFRPPHUFLDOO\DYDLODEOH LPSODQWV%\FRQWUROOLQJ
RXUSURFHVVLQUHJDUGRIPL[WXUHRIDFLGVXVHGFRQFHQWUDWLRQWHPSHUDWXUHH[SRVXUHWLPHZHVXFFHHGHGWRREWDLQ
7L$O9GHQWDOLPSODQWVZLWKDPRGHUDWHO\URXJKWRSRJUDSK\KDYLQJDOVRJRRGK\GURSKLOLFSURSHUWLHV
 0HWKRGRORJ\
6HYHUDOVDPSOHVRIWLWDQLXPDOOR\7L$O9 ZHUHSUHSDUHGDQGWUHDWHGXVLQJDVSHFLILFSURWRFRO7DEOHSUHVHQWV
WKHPDLQFKDUDFWHULVWLFVRIWLWDQLXPDOOR\XVHGIRUH[SHULPHQWV:HPDGHVDPSOHVE\&1&PDFKLQLQJWXUQLQJ
DQGPLOOLQJ 7KHVDPSOHVZHUH LQ IRUP RIDGLVFHDFKVDPSOHKDYLQJGLPHQVLRQVRI  PPLQGLDPHWHUDQG  PP
LQKHLJKW
7KHVDPSOHVZHUHVXEMHFWHGWRVDQGEODVWLQJSURFHGXUHXVLQJ6L2 SDUWLFOHVRIVSKHULFDOIRUP ZLWK DQDYHUDJH
GLDPHWHURIP$FLGHWFKSURFHVVZDVSHUIRUPHGXVLQJ+&OQ+62 QRUDFRPELQDWLRQRI+&ODQG
+62 7KHFRQFHQWUDWLRQRIDFLGVROXWLRQZDVIRUVXOIXULFDFLGDQGIRUK\GURFKORULFDFLG
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7DEOH0DLQFKDUDFWHULVWLFVRIWLWDQLXPDOOR\XVHGIRUH[SHULPHQWV
$OOR\ &KHPLFDOFRPSRVLWLRQ>@ 7HQVLOHVWUHQJWK
>03D@
<RXQJ¶V
PRGXOXV>*3D@
+DUGQHVV>03D@ 'HQVLW\
>JFP@
7L$O9
JUDGH
$O9PD[)H
PD[  2 UHPDLQGHU 7L
   
:HPDGHH[SHULPHQWVDWURRPWHPSHUDWXUHDQGDW&XVLQJGLIIHUHQWHWFKLQJWLPHDQGKRXUV
RQVL[JURXSVRIVDPSOHV
x JURXSDFLGHWFKHGLQ+62 DWURRPWHPSHUDWXUHIRUDQGK
x JURXSDFLGHWFKHGLQ+&ODWURRPWHPSHUDWXUHIRUDQG
x JURXSDFLGHWFKHGLQ+62+&ODWURRPWHPSHUDWXUHIRUDQG
x JURXSDFLGHWFKHGLQ+62 DW&IRUK
x JURXSDFLGHWFKHGLQ +&O DW &IRUK
x JURXSDFLGHWFKHG LQ+62+&O DW &IRUK
$OVRDVDPSOHZDVHWFKHGLQ+62 IRUKIROORZHGE\HWFKLQJLQ+&ODW&IRUK
)RUKRWHWFKLQJZHXVHGD+XPEROG*&IXUQDFH$IWHUVDQGEODVWLQJDQGHWFKLQJWKHVDPSOHVZHUHFDUHIXOO\
FOHDQHGLQGLVWLOOHGZDWHUDQG DOFRKRODQGGULHG
7KH URXJKQHVV RI VDPSOHV ZDV PHDVXUHG XVLQJ D 6XUIWHVW 6- 0LWXWR\R URXJKQHVV WHVWHU 7KH ZHLJKW RI
VDPSOHVZDVPHDVXUHGXVLQJ.HUQ$5-0ODERUDWRU\EDODQFHZLWKDUHSURGXFLELOLW\RIPJ
&RUURVLRQUDWHZDVFDOFXODWHGE\PHDVXULQJWKHZHLJKWORVVDQGNQRZLQJWKHGHQVLW\DUHDDQGWLPHRIHWFKLQJ
SURFHVVDV&5>JPāK@ ± FRUURVLRQUDWHDQG&35>PP\HDU@ ± FRUURVLRQSHQHWUDWLRQUDWH
7KHIROORZLQJWDEOHVDQGILJXUHVSUHVHQWWKHDYHUDJHYDOXHVRI PHDVXUHPHQWV PDGHIRUHDFKJURXSRIVDPSOHV
7KH VXUIDFH WRSRJUDSK\ ZDV HYDOXDWHG XVLQJ VFDQQLQJ HOHFWURQ PLFURVFRS\ SHUIRUPHG LQ D -(2/ -60 
VFDQQLQJ HOHFWURQ PLFURVFRSH RSHUDWHG DW  N9 )RU D SURSHU LQWHUSUHWDWLRQ RI WRSRJUDSK\ ZH FROOHFWHG 6(0
PLFURJUDSKVXVLQJVHFRQGDU\HOHFWURQVDQG EDFNVFDWWHUHG HOHFWURQVDWPDJQLILFDWLRQVRI;;DQG;
$OVRIRUVRPHPLFURJUDSKVZHWLOWWKHVDPSOHVLQVLGHWKH6(0FKDPEHUDWDQDQJOHRI
 5HVXOWVDQGGLVFXVVLRQ
3ULRU WR VDQG EODVWLQJ WKH 7L$O9 GLVF VDPSOHV H[KLELW D URXJKQHVV 5D RI  PP DYHUDJH YDOXH IRU 
VDPSOHV$IWHU VDQG EODVWLQJZLWK  PP6L2 JULW WKH URXJKQHVV RI VDPSOHV EHFRPHV5D    PP$FLG
HWFKLQJ OHDYHV RQ WKH VXUIDFH D URXJKQHVV RI 5D    PP WKXV ZH FDQ DIILUP WKDW VDQG EODVWLQJ DQG DFLG HWFK
SURFHGXUHVSHUIRUPHGE\XVDOORZXVWRREWDLQVXEVWUDWHVZLWKPRGHUDWHO\URXJKHQHGVXUIDFHV6HYHUDOVWXGLHVVKRZ
WKDWWKHVH6/$VXUIDFHVDUHWKHRQHVWKDWVKRZHGVWURQJHUERQHUHVSRQVHDQGWKHKLJKHVWDPRXQWRIERQHWRLPSODQW
FRQWDFW %,&>@
7DEOH  DQG ILJXUH  V\QWKHVL]H WKH UHVXOWV UHJDUGLQJ FRUURVLRQ UDWH RI WLWDQLXP DOOR\ VDPSOHV VXEMHFWHG WR
GLIIHUHQWDFLGPHGLDDWGLIIHUHQWSURFHVVWHPSHUDWXUHV 7KHUHVXOWVVKRZWKDWWKH7L$O9DOOR\LVKLJKO\UHVLVWDQWWR
PLOGDFLGHURVLRQDWURRPWHPSHUDWXUH&RUURVLRQSHQHWUDWLRQUDWHLV a  PP\HDULQGLOXWHVROXWLRQRIVXOIXULFDFLG
DQG a  PP\HDULQGLOXWHVROXWLRQRIK\GURFKORULFDFLG$PL[WXUHRIRIWKHVHDFLGVLVPRUHHIIHFWLYHLQRUGHU
WRUHPRYHPDWHULDOIURPWKHVXUIDFHRIWKHWLWDQLXPDOOR\&35EHLQJ a  PP\HDUDQG&5 a PJPāK
7KH LQFUHDVLQJ RI WHPSHUDWXUH RI DFLG HWFKLQJ EDWK OHDGV WR DQ LQWHQVLILFDWLRQ RIPDWHULDO UHPRYDO SURFHVV$W
HOHYDWHGWHPSHUDWXUHVFRUURVLRQUDWHLVKLJKHULQDOODFLGPHGLDXVHGE\XVFRUURVLRQSHQHWUDWLRQUDWHEHLQJLQ
PP\HDUUDQJHDQGFRUURVLRQUDWHLQJPāKUDQJH7KHPRVWHIIHFWLYHLVDJDLQWKHPL[WXUHRIVXOSKXULF
DFLGDQGK\GURFKORULFDFLG
$QDO\]LQJWKHVHUHVXOWVZHFDQFRQFOXGHWKDWIRUVDQGEODVWHGDQGDFLGHWFKHG7L$O9IRUGHQWDOLPSODQWVWKH
DFLGDWWDFNRIVXEVWUDWHVLQDPL[WXUHRIVXOIXULFDFLGDQGK\GURFKORULFDFLGDWHOHYDWHGWHPSHUDWXUHLVWKHSURFHGXUH
WKDWSURYLGHVWKHEHVWUHVXOWVLQWHUPVRISURFHVVWLPH8VLQJVLQJOHDFLGEDWKVDWHOHYDWHGWHPSHUDWXUHVRUDPL[WXUH
RIVXOIXULFDFLGDQGK\GURFKORULFDFLGDWURRP WHPSHUDWXUH DOVRFDQEHRSWLRQVLQGHQWDOLPSODQWVPDQXIDFWXULQJEXW
ZLWKORQJHUSURFHVVWLPHV
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7DEOH&RUURVLRQUDWHIRUVDQGEODVWHGDQGDFLGHWFKHG7L$O9DOOR\
*URXS $FLGHWFKLQJSURFHGXUH &RUURVLRQUDWH
&5>JPāK@ &35>PP\@
*URXS HWFKHGLQ+62 DWURRPWHPSHUDWXUH  
*URXS HWFKHGLQ+&ODWURRPWHPSHUDWXUH  
*URXS HWFKHGLQ+62+&ODWURRPWHPSHUDWXUH  
*URXS HWFKHGLQ+62 DW&  
*URXS HWFKHGLQ +&O DW &  
*URXS HWFKHGLQ+62+&O DW &  
6DPSOH HWFKHGLQ+62IROORZHGE\HWFKLQJLQ+&ODW&  
)LJ&RUURVLRQSHQHWUDWLRQUDWHIRU7L$O9DOOR\DVDIXQFWLRQRIDFLGHWFKLQJSURFHGXUH
2IH[WUHPHLPSRUWDQFHIRUGHQWDOLPSODQWVLVVXUIDFHWRSRJUDSK\6FDQQLQJHOHFWURQ PLFURVFRS\ZDVSHUIRUPHG
RQRXUVDPSOHVLQRUGHUWRHOXFLGDWHWKHHIIHFWRIVDQGEODVWLQJDQGDFLGHWFKLQJSURFHVVHVRQVXUIDFHWRSRJUDSK\
)LJXUHSUHVHQWV VXUIDFH WRSRJUDSK\RIVDPSOHVEHIRUHVDQGEODVWLQJ7KHVXUIDFHSUHVHQWVDPLQLPXPURXJK
WRSRJUDSK\ ZLWK UHJXODU PDFKLQLQJ JURZV DSSDUHQW RQ WKH VXUIDFH 2Q WKHVH VXUIDFHV ZH PHDVXUHG DQ DYHUDJH
URXJKQHVV5D RI PP
$IWHU VDQG EODVWLQJ 6(0 UHYHDOV DPRGHUDWHO\ URXJK WRSRJUDSK\ ILJXUH 2Q WKH VDPSOH VXUIDFH DSSHDUV D
IUDJPHQWHGWRSRJUDSK\ZLWKUHODWLYHO\KLJKSHDNVQDUURZYDOOH\V PPDQGIHZSLWVZLWKOHVVWKDQ PPLQ
GLDPHWHU7KHVXUIDFHVH[KLELWVD URXJKQHVVRI 5D   PP
%\DFLGHWFKLQJDIWHUVDQGEODVWLQJWKHVXUIDFHWRSRJUDSK\VXIIHUVFKDQJHVGXHWRWKHPDWHULDOUHPRYDOSURFHVV
7KLVSURFHVVLVDYHU\FRPSOH[RQHEHLQJLQIOXHQFHGE\WKHWLWDQLXPR[LGHOD\HUIURPWKHVXUIDFHRIWKHPDWHULDO
$OVRHWFKLQJSURFHGXUHPD\FUHDWHWLWDQLXP K\GULGHV 7L+7L+7L+RUFRPELQDWLRQVLQDGGLWLRQWRWKHWLWDQLXP
R[LGH7KHLQIOXHQFHRIWLWDQLXP K\GULGHV LVPDLQO\XQNQRZQ >@
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*URXSDFLGHWFKLQJSURFHGXUH
JURXSHWFKHGLQ+62
JURXSHWFKHGLQ+&O
JURXSHWFKHGLQ+62+&O
JURXSHWFKHGLQ+62&
JURXSHWFKHGLQ+&O&
JURXSHWFKHGLQ+62+&O&
VDPSOHHWFKHGLQ+62+&O&
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)LJ6(0PLFURJUDSKRIVDPSOH& ± PDFKLQHGVKRZLQJD VPRRWK VXUIDFHWRSRJUDSK\D ± PDJQLILFDWLRQ; ± VHFRQGDU\HOHFWURQVLPDJH
E ± PDJQLILFDWLRQ; ± EDFNVFDWWHUHGHOHFWURQVLPDJHWLOWDQJOH
)LJ6(0 PLFURJUDSKRIVDPSOH6% ± VDQGEODVWHGVKRZLQJDPRGHUDWHO\URXJKVXUIDFHWRSRJUDSK\D ± PDJQLILFDWLRQ; ± VHFRQGDU\
HOHFWURQVLPDJHE ± PDJQLILFDWLRQ; ± EDFNVFDWWHUHGHOHFWURQVLPDJHWLOWDQJOH
)LJ6(0 PLFURJUDSKRIVDPSOH ± VDQGEODVWHGDQGDFLGHWFKHGLQDPL[WXUHRI+62+&O DW &IRUKRXUVVKRZLQJDQ
HQKDQFHGPRGHUDWHO\URXJKVXUIDFHWRSRJUDSK\D ± PDJQLILFDWLRQ; ± VHFRQGDU\HOHFWURQVLPDJHE ± PDJQLILFDWLRQ; ± EDFNVFDWWHUHG
HOHFWURQVLPDJHWLOWDQJOH
D E
D
D
E
E
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)LJXUHSUHVHQWV6(0PLFURJUDSKVRIWKHVDPSOH7KLVVDPSOHZDVVXEMHFWHGWRWKHPRVWHIIHFWLYHFRUURVLRQ
SURFHVV WKDW XVHG D PL[WXUH RI +62+&O  DW & IRU  KRXUV 6(0 PLFURJUDSKV UHYHDO D VXUIDFH
WRSRJUDSK\ZLWK  PPPLFURSLWVODUJHYDOOH\VRI a PPDQGGLIIHUHQWVL]HSHDNV
7KH DYHUDJH URXJKQHVV DIWHU DFLG HWFKLQJ5D   PP LV YHU\ FORVH WR WKHRQH DIWHU VDQGEODVWLQJ EXW D FOHDU
HQKDQFHPHQW LQ WHUP RI VXUIDFH WRSRJUDSK\ DSSHDUV WKH WRSRJUDSK\ LV VPRRWKHU WKH YDOOH\V DUH ODUJHU DQG WKH
VXUIDFHRIYDOOH\VDQGSHDNVLVLQWHUUXSWHGE\PLFURSLWV,QUHFHQWUHVHDUFKZRUNV VHYHUDO DXWKRUV HPSKDVL]HG WKDW
WKHVHPLFURSLWVDUHHVVHQWLDOIRUDSURSHURVVHRLQWHJUDWLRQRIGHQWDOLPSODQWV >@
7KLV HQKDQFHPHQW RI PRUSKRORJ\ WRJHWKHU ZLWK VRPH FKDQJHV LQ FKHPLVWU\ RI VXUIDFH ZHWWDELOLW\ VXUIDFH
HQHUJ\DQGUHVLGXDO VWUHVVHVFDQOHDGWRDFKDQJHIURPDK\GURSKRELFVXUIDFHWRDK\GURSKLOLFRQH7KLVLVWKHFDVH
RIUHFHQWO\GHYHORSHG6/$DFWLYHGHQWDOLPSODQWV >@
,Q RUGHU WR HVWLPDWH WKH ZHWWDELOLW\ RI WKH VDPSOHV VXUIDFHV LQ WKH DEVHQFH RI D JRQLRPHWHU ZH SHUIRUPHG D
VLPSOHH[SHULPHQWLQZKLFKDGURSOHWRISXUHZDWHUZDVGURSRQWKHVDPSOHVVXUIDFH&RQWDFWDQJOH T& IRUPHGZKHUH
OLTXLGYDSRULQWHUIDFHPHHWVWKHVROLGVXUIDFHLVDPHDVXUHRIK\GURSKRELFK\GURSKLOLFSURSHUWLHV)LJXUHSUHVHQWV
DFRPSDUDWLYHLPDJH ZLWKVDPSOHVZLWKPDFKLQHGVXUIDFHOHIWVDQGEODVWHGVXUIDFHFHQWHUDQGVDPSOHULJKW
6DPSOHLVIURPJURXSDQGZDVSUHSDUHGE\VDQGEODVWLQJDQGDFLGHWFKLQJLQDPL[WXUHRI+62+&O DW
&IRUKRXUV7KHLPDJHFOHDUO\VKRZWKDWVDQGEODVWHGDQGDFLGHWFKVXUIDFHH[KLELWVHQKDQFHGK\GURSKLOLF
SURSHUWLHVFRPSDUHGZLWKVDQGEODVWHGDQGPDFKLQHGRQHVDVWKHFRQWDFWDQJOHLVORZHUWKDQLQWKHFDVHRI
VDQGEODVWHGVXUIDFHDQGIRUWKHPDFKLQHGVXUIDFH
)LJ:HWWDELOLW\RIPDFKLQHG&VDQGEODVWHG6%DQGVDQGEODVWHGDQGDFLGHWFKHG7L$O9VXUIDFHVKRZLQJWKHHQKDQFHPHQWLQ
VXUIDFH K\GURSKLOLF SURSHUWLHVLQWKHFDVHRI6/$VXUIDFH
%DVHGRQRXUFXUUHQW UHVXOWVRQVDQGEODVWHGDQGDFLGHWFKHGVXUIDFHV IRUGHQWDO LPSODQWV IXWXUHUHVHDUFKHVRQ
6/$DFWLYHW\SHRIVXUIDFHVSUHSDUDWLRQSURFHVVDUHSODQQHG
 &RQFOXVLRQV
(YHQ WKH 6/$ GHQWDO LPSODQWV DUH WRGD\ WKH PRVW XVHG LQ FOLQLFDO SUDFWLFH WKHUH LV D ODFN RI GHVFULSWLRQ RI
PDQXIDFWXULQJ SURFHVV %\ SUHVHQW UHVHDUFK ZRUN ZH VKRZHG WKDW FRUURVLRQ UDWH IRU 7L$O9 DOOR\ LQ VLQJOH
DFLGPL[WXUHRIDFLGVEDWKK\GURFKORULFDFLGVXOIXULFDFLGDWURRPWHPSHUDWXUHLVH[WUHPHO\ORZ&35EHLQJ a 
PP\HDUDQG&5 a PJPāK$WHOHYDWHGWHPSHUDWXUHVFRUURVLRQUDWHLVKLJKHULQDOODFLGPHGLDXVHGE\
XV FRUURVLRQ SHQHWUDWLRQ UDWH EHLQJ LQ  PP\HDU UDQJH DQG FRUURVLRQ UDWH LQ  JPāK UDQJH 7KH PRVW
HIIHFWLYHLVWKHPL[WXUHRIVXOIXULFDFLGDQG K\GURFKORULF DFLG
:HIRXQGWKDWDSURSHU6/$VXUIDFHZLWKDURXJKQHVV5D RI PPDQGDWRSRJUDSK\ZLWKPLFURSLWVOHVVWKDQ
PPFDQEHREWDLQE\ VDQGEODVWLQJ WKHPDFKLQHG VXUIDFHZLWK ODUJH JULWV  PPDQG WKHQ DFLG HWFKLQJ LW
XVLQJDPL[WXUHRIVXOIXULFDFLGDQGK\GURFKORULFDFLGDW&IRUKRXUV$FLGHWFKLQJDWURRPWHPSHUDWXUHHYHQ
IRUORQJHUSHULRGRIWLPHSURYHGWREHLQHIIHFWLYH$WHOHYDWHGWHPSHUDWXUHVLQJOHDFLGEDWKVSURYLGHVDQLPSURSHU
PRUSKRORJ\RQO\IHZPLFURSLWVEHLQJGHYHORSHGRQVXUIDFH
VDPSOH & VDPSOH6% VDPSOH
TF   TF   TF  
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3UHOLPLQDU\ UHVXOWV RQ ZHWWDELOLW\ RI WKH VXUIDFH LQGLFDWHV WKDW GXDO HWFKLQJ SURFHGXUH HQKDQFHG VXUIDFHV
K\GURSKLOLF SURSHUWLHVE\ WKLVDOORZLQJXV WR SODQ IXWXUH UHVHDUFK LQZKLFKRXUDLPZLOOEH WRREWDLQ6/$DFWLYH
WLWDQLXPDOOR\VXUIDFHVIRUGHQWDOLPSODQWV
$FNQRZOHGJHPHQWV
3UHVHQW ZRUN LV D SDUW RI UHVHDUFK SURMHFW 31,,373&&$ ³1DQRVWUXFWXUHG VXUIDFHV IRU
HQKDQFHPHQW RI RVVHRXV LQWHJUDWLRQ RI WLWDQLXP LPSODQWV´ FRRUGLQDWHG E\8QLYHUVLW\ RI0HGLFLQH DQG3KDUPDF\
7LUJX0XUHV
7KH7L$O9 VXEVWUDWHVZHUH VXSSOLHGE\6&3URFDP65/7LUJX0XUHV6(0FKDUDFWHUL]DWLRQZDVSHUIRUPHGDW
3K\VLFVRI7KLQ)LOPVUHVHDUFKODERUDWRU\RI6DSLHQWLD8QLYHUVLW\)DFXOW\RI7HFKQLFDODQG+XPDQ6FLHQFHV7LUJX
0XUHV:HDUH WKDQNIXO WRRXU FROOHDJXH/DV]OR -DNDE)DUNDV IRU VXSSRUWLQJRXU UHVHDUFK 6RPHSDUWV RI SUHVHQW
UHVHDUFKZDVVXSSRUWHGE\3HWUX0DLRU8QLYHUVLW\UHVHDUFKFHQWUH$GYDQFHG7HFKQRORJLHVRI'HVLJQDQG $VVLVWHG
0DQXIDFWXULQJ7$3)$
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